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ABSTRACT 
	Aims: To study the correlation and path coefficient analysis of yield and its contributing characters in groundnut with aim of identifying superior yield contributing attributes for crop improvement.
Study design:  Augmented Block Design.
Place and Duration of Study: AICRP on Groundnut, Rajasthan Agricultural Research Institute, Durgapura, Jaipur, Rajasthan, between June 2024 to October 2024.
Methodology: We include sixty-three genotypes, including three standard checks, were assessed at the Rajasthan Agricultural Research Institute, Durgapura, Jaipur, using an augmented block design. Observations were taken for twelve characters: three phenological (days to 50% flowering, peg initiation, and maturity), seven yield-related (branches/plant, pods/plant, pod yield/plant, kernel yield/plant, shelling percentage, sound mature kernel (SMK) percentage and 100-kernel weight) and two biochemical (protein and oil content).
Results: The correlation and path analyses revealed kernel yield/plant, pods/plant, branches, and SMK as the most dependable contributors to dry pod yield/plant in groundnut. The yield of dry pods/plant demonstrated very strong positive correlations with both the number of pods/plant (rg = 0.98**) and kernel yield/plant (rg = 0.98**), as well as with the number of branches/plant (rg = 0.82**). It was also strongly correlated with the presence of sound mature kernels (rg = 0.73**). Path analysis confirmed kernel yield as the most influential trait, showing a strong direct effect (0.9767) on the yield of dry pods/plant is followed by the number of pods/plant with a moderate direct effect (0.0641) and sound mature kernels with a smaller effect (0.0215). While branches are positively correlated, they exerted a minimal negative direct effect of -0.0059, which suggests that their contributions are primarily indirect. Conversely, shelling percentage (-0.2067), 100-kernel weight (-0.0129), oil content (0.0211) and protein content (0.0137) showed weak or inconsistent direct effects, highlighting their limited role in yield improvement.
Conclusion: The traits such as kernel yield, pods/plant and SMK were identified as greater portion of dependable selection parameters aimed at enhancing dry pod yield in groundnut, with branches acting as a supportive trait through indirect effects. Conversely, shelling percentage, 100-kernel weight, protein content and oil content played minor or inconsistent roles, making them less reliable as primary selection indices. 



Keywords: Correlation analysis, Path analysis, Pod yield, Groundnut

1. INTRODUCTION
Groundnut or peanut (Arachis hypogaea L.) is an oilseed and legume of high nutritional value with multiple uses and important economic value, particularly in the tropics and sub-tropics. In the year 2023-24 globally groundnut was sown in an area of 30.9 million ha with a total production of 54.27 mt and average yield of 1755 kg/ha. The highest producers were China, India and Nigeria (FAO, 2024). Groundnut still holds the largest share among oilseeds in India, with a production of 10.18 million tons from an area of 4.7 million hectares with an average yield of 2163 kg/ha. While Gujarat is the top state in production, Rajasthan, Madhya Pradesh and Tamil Nadu follow as major states, with these states contributing together to almost 85% of the national production (DA & FW, 2024). This is important as the enhancement of pod yield is still difficult because it is a trait with a complex mode of inheritance and is contingent upon multiple traits that are associated with yield. As direct selection for yield might not be very effective, it is important to understand relationships between yield components, in order to identify reliable indirect selection criteria. 
Correlation analysis helps to give an idea about the nature and magnitude of association between the different traits, which can be useful for the plant breeder as they look for traits positively correlated with yield that can be improved concurrently with yield (Patel et al., 2021). Correlation, on the other hand, is not informative on whether these relationships are due to direct effects or mediated through correlates. The path coefficient analysis is the solution for this as it disaggregates the correlations into components of direct and indirect effects, thus, giving a better understanding about the cause-effect relationships of different yield attributes (Rajanna et al., 2024; Attia et al., 2022). Correlation studies help to identify the indirect selectability of certain traits as selection on one trait can cause to selection on others traits (Korale et al., 2022).
Such important contributors to yield like kernel yield/plant, number of pods/plant and SMK, have been successfully identified in the use of correlation and path coefficient analysis in groundnut. By combining these two approaches, breeders can get a better picture of the traits that are more impactful in their breeding programs in order to improve their selections and thus undertake a faster genetic gain for improved productivity.

2. Methedology
 
2.1 Experimental Details 
The experiment was conducted at AICRP on Groundnut, Rajasthan Agricultural Research Institute, Durgapura, Jaipur located at Semi-Arid Eastern Plain Zone (Zone IIIA) 26°51′N, 75°47′E and 390 meter above sea level. In this study a total of sixty three groundnut genotypes comprising of three stable checks; RG 638, RG 559-3 and RG 578 were evaluated in an augmented block design. This experiment field divided into six blocks. Each block contains all check genotypes and a subset of test genotypes. Information was gathered on: three phenological characters (days to 50 % flowering, pegging initiation and maturity), seven yield-related characters (number of branches/plant, number of pods/plant, pod yield/plant, kernel yield/plant, shelling percentage, sound mature kernel percentage and 100-kernel weight) and two biochemical characters (protein and oil content). Except for phenological traits which were measured at the plot level, for all other traits observations were made on five representative plants from each plot.
2.2 Statistical Analysis 
To analyze the relationships between yield and the components of yield, correlation and path analysis were employed. Estimates of genotypic and phenotypic correlation coefficient were computed according to Singh and Chaudhary (1979) using variance and covariance components. In attempt to further split these relations, path coefficient analysis was conducted according to the approach introduced by Wright (1921) and subsequently explained by Dewey and Lu (1959). Comprising a system of simultaneous equations, this method decomposes total correlation into direct effects and indirect effects of the individual characteristics on yield. 

3. results and discussion

Correlations and path analyses were carried out using a total of sixty three groundnut genotypes over twelve quality and agronomic traits. This inter-relationship should be clear in order for establishing selection criteria, as it is difficult to directly improve complex traits such as dry pod yield. In those instances indirect selection by means of correlated characters is more practical. The relationships between yield and the component traits were assessed through estimates of both phenotypic and genotypic correlations.

3.1 Correlation Analysis 
3.1.1 Correlation between seed yield/plant and its contributing trait 
Correlation results indicated several significant correlations. Dry pod yield/plant showed high and positive correlation with number of pods/plant (rg = 0.98**), kernel yield/plant (rg = 0.98**) and number of branches/plant (rg = 0.82**). Likewise, the high positive association with sound mature kernel (rg = 0.73**) reinforces the contribution of these traits on yield. On the contrary, shelling percentage, 100-kernel weight and oil content were associated by weak and non-significant positive correlations while days to 50% flowering (rg= -0.14) and protein content (rg= -0.07), showed weak non-significant negative correlations suggesting little direct contribution to yield. 

Table 1. Estimates of genotypic correlation coefficients between different characters
	Character
	DFF
	NBP
	NPP
	KYP
	SMK
	SP
	HSW
	OC
	PC
	DPYP

	DFF
	1.00
	-0.13
	-0.07
	-0.24
	0.29*
	-0.44**
	-0.26*
	-0.13
	0.2
	-0.14

	NBP
	
	1.00
	0.87**
	0.77**
	0.16
	-0.07
	0.13
	0.10
	-0.02
	0.82**

	NPP
	
	
	1.00
	0.95**
	0.49**
	0.08
	-0.01
	0.08
	-0.10
	0.98**

	KYP
	
	
	
	1.00
	0.88**
	0.32*
	0.09
	0.01
	-0.04
	0.98**

	SMK
	
	
	
	
	1.00
	0.84**
	0.80**
	0.04
	-0.10
	0.73**

	SP
	
	
	
	
	
	1.00
	0.16
	-0.26*
	0.16
	0.13

	HSW
	
	
	
	
	
	
	1.00
	-0.10
	-0.08
	0.05

	OC
	
	
	
	
	
	
	
	1.00
	-0.03
	0.08

	PC
	
	
	
	
	
	
	
	
	1.00
	-0.07

	DPYP
	
	
	
	
	
	
	
	
	
	1.00


*, ** Significant at 5% and 1% respectively

Fig. 1. Genotypic correlation of dry pod yield with its attributing characters
3.1.2 Relationships among the studied traits
Days to 50% flowering showed interesting mixed patterns, as it was positively correlated with sound mature kernel (rg=0.29*) but negatively with shelling percentage (rg= -0.44**) and 100-kernel weight (rg = -0.26*). The correlation was weakly negative with pod yield, kernel yield, number of branches, number of pods and oil content and weakly positive and non-significant with protein content. This indicates that flowering time is a very small, indirect component of yield though it could be a determinant of other yield-related traits. Among the evaluated traits, number of branches/plant was identified as a significant factor as it was highly correlated with number of pods/plant (rg= 0.87**), kernel yield/plant (rg = 0.77**), and dry pod yield/plant (rg = 0.82**). It showed weak negative correlations with protein content, shelling percentage and days to 50% flowering, as well as weak non-significant positive correlations with sound mature kernel, oil percentage and 100-kernel weight. In the same way, number of pods/plant displayed a high correlation with productivity, being significant positively correlated to kernel yield/plant (rg = 0.95**), dry pod yield/plant (rg= 0.98**) and SMK (rg= 0.49**). Kernel yield was on top of that very highly correlated with pods, branches, dry pod yield, and SMK; while shelling percentage and 100-kernel weight presented a positive association with sound mature kernels but inconsistent association with yield . Oil content was significantly negatively correlated with shelling percentage (rg= -0.26*) while protein content displayed weak and inconsistent correlations with the remaining traits. In general kernel yield/plant, number of pods/plant, number of branches/plant and sound mature kernel were seen as the most consistent contributors of dry pod yield while oil content, protein content among others were less contributive. These results align with earlier findings: Mitra et al. (2021) for number of pods and branches; Deepa et al. (2022) for kernel yield; Yadav et al. (2023) and Vaghasiya et al. (2025) for number of pods and kernel yield; and Rao et al. (2024) and Gupta et al. (2025) for number of pods, branches, kernel yield and sound mature kernels. Similar non-significant positive association with shelling percentage, 100-kernel weight, and oil percentage were reported by Deepa et al. (2022), Reddy et al. (2023), Patil et al. (2024), and Sravanti et al. (2024). Mubai et al. (2020) also reported that pod yield had significant positive correlations with number of pods per plant, but negative correlations with days to flowering. Non-significant positive correlations were observed with 100-kernel weight. Kumar et al. (2023) also reported positive and significant associations of pod yield per plant with number of branches at both genotypic and phenotypic levels. Korale et al. (2022) also reported positive and significant correlation of pod yield/plant with number of pods/plant, kernel yield/plant and non-significant negative correlation with days to 50 per cent flowering.
3.2 Path Coefficient Analysis 
Further, path coefficient analysis was done to further elucidate on cause-effect relationships between the yield components. Kernel yield per plant was identified as the most important trait with very high direct effect on dry pod yield/plant of 0.9767 and high positive indirect effects via pods/plant and sound mature kernels. The number of pods/plant provided a positive contribution as well, having a moderate direct effect of 0.0641 and a strong indirect contribution through kernel yield, reaffirming its status as an important secondary driver. Sound mature kernel had a direct positive moderate effect of 0.0215, but most of its overall impact was expressed indirectly through number of pods/plant and kernel yield/plant. Number of branches/plant, highly correlated to yield, but had very low direct effect (-0.0059) which was negative and indicates that this character influence yield mainly through its indirect effect on kernel yield and pods.
Discoveries on other traits were weak or not consistent. Shelling percentage had weak positive correlation with yield, but had very strong negative direct effect on yield (-0.2067). Likewise, the 100-kernel weight, which presented low association with yield, exhibited a negative small direct effect (-0.0129) and very few indirect effects via kernel yield and sound mature kernels. Oil content had a weak positive direct effect of 0.0211, while protein content, despite the negative correlation with yield, also showed a small positive direct effect of 0.0137. But both traits had a small contribution to improve yield. 
Table 2. Genotypic path coefficient analysis for various traits on dry pod yield/plant
	Character
	DFF
	NBP
	NPP
	KYP
	SMK
	SP
	HSW
	OC
	PC

	DFF
	-0.0034
	0.0007
	-0.0042
	-0.2347
	0.0062
	0.0899
	0.0033
	-0.0028
	0.0028

	NBP
	0.0004
	-0.0059
	0.0559
	0.7511
	0.0034
	0.0136
	-0.0017
	0.0022
	-0.0003

	NPP
	0.0002
	-0.0052
	0.0641
	0.9293
	0.0105
	-0.0157
	0.0001
	0.0017
	-0.0014

	KYP
	0.0008
	-0.0045
	0.0610
	0.9767
	0.0190
	-0.0664
	-0.0012
	0.0004
	-0.0006

	SMK
	-0.0010
	-0.0009
	0.0315
	0.8624
	0.0215
	-0.1736
	-0.0104
	0.0009
	-0.0014

	SP
	0.0015
	0.0004
	0.0049
	0.3136
	0.0180
	-0.2067
	-0.0021
	-0.0056
	0.0023

	HSW
	0.0009
	-0.0008
	-0.0006
	0.0881
	0.0172
	-0.0340
	-0.0129
	-0.0022
	-0.0011

	OC
	0.0005
	-0.0006
	0.0052
	0.0004
	0.0009
	0.0546
	0.0013
	0.0211
	-0.0005

	PC
	-0.0007
	0.0001
	-0.0067
	-0.0408
	-0.0022
	-0.0339
	0.0010
	-0.0007
	0.0137


Residual effect = 0.0591                             *, ** Significant at 5% and 1% respectively
These findings are consistent with previous reports by Kumari & Sridharan (2020), Mitra et al. (2021), Deepa et al. (2022), Reddy et al. (2023), Yadav et al. (2023), Rao et al. (2024), Sravanti et al. (2024), Gupta et al. (2025), and Vaghasiya et al. (2025). Mubai et al. (2020) also earlier reported that number of pods per plant exerted strong direct positive effects on yield, suggesting these traits should be prioritized during selection. Kumar et al. (2023) also reported number of pods per plant and kernel yield per plant exerted positive direct effects on pod yield. Korale et al. (2022) also earlier reported that number of pods per plant, kernel yield/plant and SMK exerted direct positive effects on yield and shelling percentage exerted negative direct effects on pod yield. In general, kernel yield/plant, number of pods/plant and sound mature kernels were found to be the most consistent and reliable predictors for selection of genotypes with better dry pod yield in groundnut. Number of branches/plant, mostly working as an indirect effect, could be another supportive trait. On the other hand, shelling percentage, 100- kernel weight, oil and protein content played minor or inconsistent roles to be used as primary selection index.
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Fig. 2. Path diagram of yield components of dry pod yield/plant

4. Conclusion

The most consistent and direct component of dry pod yield of groundnut was determined through Correlation and path analysis to be kernel yield/plant, number of pods/plant and SMK which can thus be used as useful selection criteria on yield improvement. Number of branches/plant, although the factor most correlated to yield, impacted productivity through indirect effects only, as the role of this feature is more supportive than causative. On the other hand, traits such as shelling percentage, oil and protein and 100-kernel weight had low, inconsistent or negative direct effects which suggests they might not be worth selecting for. In general, these results highlight the importance of selecting for kernel yield/plant, pod number and SMK as major traits of improvement with branches as an auxiliary trait to achieve high productivity.


Abbreviations
DFF: days to 50% Flowering; NBP: Number of Branches per Plant; NPP: Number of Pods per Plant; KYP: Kernel Yield per Plant; SMK: Sound Mature Kernel; SP: Shelling Percentage; HSW: 100-Kernel Weight; OC: Oil Content; PC: Protein Content; DPYP: Dry Pod Yield per Plant
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Dry pod yield per plant (g)
Dry pod yield per plant (g)	Days to 50 per cent flowering	Number of branches per plant	Number of pods per plant	Kernel yield per plant (g)	Sound mature kernel (g)	Shelling percentage (%)	100-kernel weight (g)	Oil content (%)	Protein content (%)	Dry pod yield per plant (g)	-0.14000000000000001	0.82	0.98	0.98	0.73	0.13	0.05	0.08	-7.0000000000000007E-2	1	
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